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Sensitivity of lymphocytes from patients with systemic
lupus erythematosus to the induction of sister
chromatid exchanges by alkylating agents and
bromodeoxyuridine
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SUMMARY Several authors have suggested that the cells of patients with systemic lupus
erythematosus (SLE) have defects of DNA repair. Cells from patients with the classical
chromosomal instability syndromes, thought to be due to defects in DNA repair, are

hypersensitive to the chromosome damaging effects of some DNA damaging agents, measured as

sister chromatid exchange (SCE). We have observed that lymphocytes of patients with SLE are
not more sensitive than lymphocytes from healthy individuals to the SCE inducing effects of the
DNA damaging agents methyl nitrosourea, methyl methanesulphonate, chlorambucil, and
bromodeoxyuridine. These observations do not support the suggestion that cells of patients with
SLE have an underlying defect of DNA repair.

Several authors have considered the possibility of a
defect of DNA repair in lymphocytes of patients
with systemic lupus erythematosus (SLE); it has
been claimed that these cells have impaired repair of
DNA damage induced by ultraviolet (UV) light and
methyl nitrosourea (MNU). l-4 Indeed, patients with
this disease have some clinical features, especially
the sensitivity to sunlight and immunological abnor-
malities, that are similar to those found in patients
with the classical chromosomal instability syn-
dromes. These conditions have characteristic abnor-
malities of DNA repair. For example, patients with
Bloom's syndrome may develop skin rashes induced
and exacerbated by sunlight. This condition was
originally described by the title 'congenital telan-
giectatic ery'thema resembling lupus erythematosus
in dwarfs'. These patients also have defects of cell
mediated immunity and immunoglobulin synthesis.'
The most striking feature of xeroderma pigmento-
sum is hypersensitivity of skin to sunlight, and
patients with ataxia telangiectasia and Fanconi's
anaemia have been considered to have some defects
of humoral and cell mediated immunity.7 8 Unlike
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SLE these syndromes are associated with a high
incidence of malignancy.

Cells from patients with the chromosomal insta-
bility syndromes are hypersensitive to the chromo-
some damaging effects of some DNA damaging
agents, including cytotoxic drugs. This effect can be
detected by counting sister chromatid exchanges
(SCEs). In Bloom's syndrome a very high back-
ground SCE frequency is found in cultured
lymphocytes,9 fibroblasts, "' and bone marrow
cells. " Methyl nitrosourea increases counts to a
greater degree in these cells than in normal cells.'2
Similarly, xeroderma pigmentosum cells show an
enhanced SCE response to a wide range of eno-
toxic chemicals, including alkylating agents, and
Fanconi's anaemia cells have been reported to be
hypersensitive to the cross linking cytotoxic drug
mitomycin C. 14 Cells from patients with ataxia
telangiectasia are hypersensitive to the cytotoxic
drug bleomycin.'5 It is reasonable to presume that
individuals with these syndromes would be hyper-
sensitive in vivo to the effects of some cytotoxic
drugs and be more likely to develop further chromo-
some abnormalities, and possibly malignancies, than
individuals receiving these drugs whose chromo-
somes did not possess inherent abnormalities. Little
is known about this possibility except that patients
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with ataxia telangiectasia may be unduly sensitive to
x irradiation. 6

Spontaneous SCE frequencies are raised in blood
lymphocytes of patients with SLE;17 18 the SCEs of
SLE fibroblasts are normal.'8 If cells from these
patients have defects of DNA repair, it is possible
that these individuals would also be hypersensitive
to the chromosome damaging effects of some
cytotoxic drugs. In vivo it is not known if patients
with SLE are more likely to develop drug induced
malignancies than patients with other conditions
who receive these drugs. It is possible, however, to
determine the in vitro sensitivity of cells from
patients with SLE to the chromosome damaging
effects of cytotoxic drugs. We report our observa-
tions on SCEs induced by the experimental alkylat-
ing agents methyl nitrosourea (MNU) and methyl
methanesulphonate (MMS), the therapeutic alkylat-
ing agent chlorambucil, and the thymidine analogue
bromodeoxyuridine (BUdR).

Patients and methods

PATIENTS
All patients with SLE fulfilled the American
Rheumatism Association criteria for this disease.'9
Healthy individuals served as controls. Five patients
with SLE and five controls were used for the MNU
and chlorambucil experiments and two patients with
SLE and two controls were used for the MMS and
BUdR experiments. Different patients and controls
were used for each experiment.

METHODS

Metaphase spreads demonstrating SCEs were pre-
pared from whole blood cultures by the variation of
Goto et at2" of the fluorescence plus Giemsa
technique of Perry and Wolff.2' Specific details and
examples of SCEs have already been published.22 In
brief, 0-5 ml of heparinised whole blood was added
to 6 ml of RPMI culture medium containing 10%
fetal calf serum, buffer, and antibiotics. MNU (0-2
mmol/l) or MMS (0-2 mmol/l) was present for the
first hour of culture before cells were washed twice
by centrifugation in fresh culture medium. Phyto-
haemagglutinin (0-1 ml reagent grade) was then
added. Other cultures were incubated with varying
concentrations of chlorambucil for two hours before
washing and the addition of phytohaemagglutinin.
Twenty four hours later the cells were incubated
with BUdR. In one experiment varying concentra-
tions of BUdR were used; in all others the final
concentration of BUdR was 30 ,umol/l. For the last
two hours of the 72 hour culture period colchicine
was present. Slide preparations of metaphase
spreads were stained with Hoescht 33258 fluorescent

stain, exposed to UV light, and finally stained with
Giemsa. The SCEs of 20 metaphases were counted
from coded samples.

STATISTICAL ANALYSIS
The SCE results were not 'normally distributed' and
the most appropriate form of data transformation
was sought. Transformations considered were none,
square root, log, and log (SCE+ 1). Each culture
was considered to be an experimental unit. The
chemical agent with the largest number of ex-
perimental units was chlorambucil (five patients and
five controls, four concentrations of drug). The
strategy adopted was to determine which trans-
formation appeared to be the most appropriate for
this agent and then to determine whether the same
transformation was acceptable for the other agents.
The most weight was given to Tukey's test of
additivity23 (which assesses parallelism of the con-
centration response between individuals) for be-
tween experimental unit variation. We also tried to
achieve 'normality' for the within experimental unit
variation so that the most appropriate summary
measure of the centre of the distribution was used.
The best transformation for chlorambucil applying
these criteria was the square root. This also gave
reasonable results for both MNU and BUdR. There
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FIG. 1 Effects of alkylating agents and BUdR on SCE
frequencies. *=normal; O=SLE. Vertical bars= 95%
confidence intervalfor difference between any normal and
SLE concentration mean on square root axis.
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Table 1 Analysis of variance: p values

Group Concentration Groupxconcentration

MNU 0-4 <001 0-6
MMS 0-6 <0-05 0-7
Chlorambucil 0-9 <0-0001 0-9
BUdR 0 1 <0 0001 0 1

was marginally significant (p=0-03) non-additivity
for MMS. but as there were only eight experimental
units in this study, this was not considered to be
important. Data for each chemical agent were

square root transformed and two way analysis of
variance performed on the means of each ex-

perimental unit.

Results

The mean values for each agent are shown in Fig. 1,
and results of the analysis of variance are summa-

rised in Table 1. The factors included were group
(normal or SLE), concentration of chemical agent,
and groupxconcentration interaction. There was a

significant effect of concentration for all agents.
There were no significant differences between the
normal and SLE groups for any agent. There were

no significant interactions between group and con-

centration, indicating that the difference between
normal and SLE cells did not vary with the
concentration of agents used.

Discussion

Lymphocytes from patients with SLE are not more
sensitive than the lymphocytes from healthy indi-
viduals to the SCE inducing effects of MNU, MMS,
chlorambucil, and BUdR. Published data on SCE
responses of SLE cells to chemical agents that
damage DNA are limited. One report showed that
the SCE response of SLE cells to mitomycin C is
normal.'7 It is likely that SLE cells have a normal
capacity for repairing damage to DNA induced by
these agents.

It has been reported that SLE lymphocytes are
less able to survive in the presence of MNU than
lymphocytes from healthy controls, suggesting that
cells from patients with SLE are less proficient than
normal cells at removing the abnormal base o6_
methylguanine induced by this compound.4 We
have observed that the SCE response of SLE
lymphocytes to MNU is normal. Therefore, con-
trary to one report,24 06-methylguanine is unlikely
to be the lesion responsible for the formation of
SCEs.

Data concerning DNA repair in SLE cells after
non-chemical damage such as that induced by UV
light are also limited and conflicting. In one study
lymphocytes from patients with SLE 'in remission'
were found to have less unscheduled DNA syn-
thesis, a measure of DNA repair, after exposure to
UV light than control lymphocytes.3 In contrast,
unscheduled DNA synthesis in lymphocytes from
patients 'in exacerbation' was increased. The terms
'remission' and 'exacerbation' were not defined.
Others have found that unscheduled DNA synthesis
was normal on exposure to UV light of lymphocytes
of patients with discoid lupus erythematosus.2 Fib-
roblasts from patients with SLE repair proficiently
the damage to DNA induced by UV light.25
Spontaneous SCE frequencies in lymphocytes of

untreated SLE patients are higher than those of
controls.'7 18 It has not been possible for us to
demonstrate this effect clearly with the small num-
bers of patients in this limited further study.
We have shown that the SCEs of normal and SLE

lymphocytes increase with the concentration of
chlorambucil and BUdR in the medium. Others
have also demonstrated a positive dose response
with these compounds in vitro.26 27 MNU and MMS
are well known inducers of SCEs.28 29

In conclusion we have shown that lymphocytes
from patients with SLE and from healthy controls
are equally sensitive to the SCE inducing effects of
the alkylating agents MNU, MMS, and chlorambu-
cil, and the thymidine analogue BUdR. These
observations do not support the suggestion that cells
of patients with SLE have an underlying defect of
DNA repair, at least with respect to damage by
these agents. It remains to be established that in
vivo patients with SLE are no more sensitive than
individuals with other diseases to the chromosome
damage induced by therapeutic alkylating agents
and other cytotoxic drugs.
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